Factors affecting leakage of trapped solutes from phospholipid vesicles during thermotropic phase transitions.
Liposomes are commonly used as models for chilling and freezing damage, with leakage of water-soluble contents from the aqueous interior as the most frequently used measurement of damage. In order to achieve an understanding of the mechanism of the leakage, we have conducted a study of the factors that influence the leakage from liposomes during phase transitions. While such investigations have appeared sporadically in the literature, a detailed study has not been undertaken previously, despite the fact that liposomes are widely used as models for stress injury. Thus, we suggest that these findings will be of general interest in the cryobiology community. We now report that the following variables affected leakage from liposomes during chilling: (i) increasing the rate of cooling and warming resulted in decreased leakage; (ii) maximal leakage occurred at the measured phase transition temperature; (iii) addition of defect-forming additives such as a second phospholipid or a surfactant increased leakage from the liposomes during the phase transition but not above or below that temperature; (iv) small unilamellar vesicles leaked much more rapidly than large unilamellar vesicles; and (v) increasing the pH of the external buffer decreased leakage of carboxyfluorescein, an effect that is probably particular to ionizable solutes.